
The primary objective of this effort is to
assess the hydrologic and surface water
quality impact from a high-end golf
course. Specifically, a sub-area of the
Northland Country Club Golf Course in
Duluth, MN will be monitored for nutri-
ents (nitrate, ammonia, and phosphorus)
and pesticides (2,4-D and chlorothalonil). 

The study represents a unique turf
assessment program that will allow quan-
tification of the water quality loadings of
turf environments. The findings from this
study will be used by turf educators, model
developers, researchers, consultants, man-
agers, USGA staff and agronomists to
learn, study, develop, and implement new
technologies and promote the benefits of
turf for an improved sound environment
associated with turf systems. 

This project consists of a water-
shed-scale surface water quality (nitrate,
ammonia, phosphate, chlorothalonil, and
2,4-D) assessment project. The monitoring
program is designed to capture the hydro-
logic and environmental response of a
watershed-scale turf system from cultural,
chemical, and mechanical processes. The
study site is a private golf course in
Duluth, MN. The site is a near ideal hydro-
logic and water quality research area, as
the study site has only one inflow location
and one outflow location. 

Northland Country Club has sev-
eral sub-watersheds or drainage areas with
unnamed streams draining into Lake
Superior. The study area is located along a
stream on the northeastern part of the NCC
golf course. This area forms a discrete
drainage area composed of six complete
holes, three partial holes, and unmanaged
areas of mixed northern hardwoods and
bedrock outcroppings. 

The drainage stream enters a nat-
ural pond (hole 11) located at the top of the
small watershed. This stream then bisects
the proposed study area. Therefore, water
quality enhancement or degradation
between the inflow and outflow point is
contributed by the course.  The contribut-
ing area of the course is approximately 110
acres. 

The inflow to the course origi-
nates from a low-density housing and
forested area comprised of approximately
237 acres. This configuration will allow a
relative contribution from the turf system
to be studied.  The monitoring stations and
flumes are located where the stream enters
the course and where the stream exits the
study area.  Eventually all surface drainage
on the golf course migrates toward Lake
Superior. 

Temporary flooding occurs occa-
sionally along the narrow stream terraces
during large scale rain events (2.5 - 4 inch-
es).  Most shallow drainage ways and
runoff diversions on the golf course have

vegetative cover and french drains. Data
will be used to compare hydrology, man-
agement, and environmental impact of this
cool-season turf system to a warm-season
turf system and further enhance model
development, calibration, and validation.

The annual sampling period will
vary due to climate, but it is expected to
take place between April 15 and November
10. Two ISCO 6712 automatic collection
systems were installed at the site in April
of 2003 when sampling began. Hydrologic
samples (discharge) are recorded on a 5-
minute time interval, while water quality
samples are being collected based on a
flow proportional sampling (approximate-
ly every 25,000 cubic ft of discharge)
scheme using H-flumes and ISCO 6712
automated collection systems. 

The flow proportional scheme
will allow both base flow and storm event
sampling. Samples are being collected at
the upstream and downstream locations so
that quantification from the golf course can
be determined and compared to the upland
low-density housing and forested area.
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Objectives:
1. To assess the hydrologic and surface water quality impact from a high-end golf course.

Samples are being collected at the upstream and down-
stream locations so that quantification from the golf
course can be determined and compared to the upland
low-density housing and forested area.
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Summary Points
Hydrologic and water quality data have

been collected for the period of April 24,
2003 to November 18, 2003. 

The final phase of water quality sam-
ples are currently being analyzed. 

Varying degrees of nutrients and pesti-
cides exiting the course have been 
detected.
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Two ISCO 6712 automatic collection systems were
installed at the site in April of 2003 when sampling
began. 


